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SUMMARY

Microwave Integrated Circuits (MIC's) and Stripline Microwave
Circuits (SMC's) are two classes of microcircuits which remain controversial
when viewed in texrms of the applicability of MIL-STD-883B and MIL-M-38510.

This program was specifically organized to address the applicability
of Methods 2017 and 5008, MIL~STD-883B and Appendix G, MIL-M-38510 to MIC's
and C's. Data was utilized fram industry and the Harris Corporation to
evaluate current industry practices. Additional data was campiled on
tuning methods, construction methods, visual inspection criteria, and
testing methods to develop preseal visual, screening and lot conformance
test methads.

Firally, representative models 6f MIC's and SMC's were developed so
that computer analysis of the construction methods could be applied as a
first order evaluation. This approach was taken simply as an identifica-
tion process; that is, to identify potential weaknesses in the construc-
tion methods that would degrade circuit reliability.

During the course of the program, consideration was limited to the
more camplex cases wherein more than one MIC or SMC were packaged within
a sirvyie package or model (except for an amplifier to cover all configura-
tions) .

The proposed test methods and supporting information are a first
step toward the goal of amending MIL~-STD-883B and MIL~M-38510 to encampass
Microwave Integrated Circuits. It is the same goal for Stripline Micro-
wave Circuits. Although it may be argued that a SMC is not a microcircuit,
the purpose of this program was not to resolve this dispute, but to

initiate the appropriate preseal visual, screening, and lot conformance

) vii
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test methods.

It is noteworthy that RADC took the initiative to consider non- ';
hermetically sealed passive stripline circuits during the course of this
program. They were also open to the active Stripline module (nonhenmeti-
cally sealed) with the constraint that packaged (hemmetic) active devices

and passive devices be used.




EVALUATION

The objective of this effort, which supports RADC TPO 4 F-] Solid State Device

Reliability, was to characterize Microwave Integrated Circuits (MIC's) by
} construction technology and establish criteria to generate test procedures
equivalent to Method 5008 of MIL-STD-883 Test Methods and Prccedures for
Microelectronics and Appendix G of MIL-M-38510 General Specif.-ation for
Microcircuits. For purposes of this investigation the following definition was used:
MIC-A device which provides a high frequency function (e.g. transmitter, receiver,
amplifier, oscillator, phase shifter, mixer, signal processor, RF switch, etc.)
utilizing stripline, thin or thick films on a dielectric substrate, packaged or chip
active and passive. components, contained in a hermetic or non-hermetic package.

The program results are considered successful in defining two categories of high
frequency devices MIC's and SMC's (Stripline Microwave Circuits) and generating
proposed test methods and procedures for these categories using existing hybrid
microcircuit test philosophy. Finite element analysis was demonstrated as a useful
tool in determining the mechanical and thermal integrity of device packages and
their included components.

[
e

Procedures to evaluate and control tuning are not included, but will be generated
during the evziuation of the test procedures. The present rework limitations cited
are being adcr~ssed in RADC contract F30602-78-C-0310, "Hybrid Microcircuit
Rework Evaluation". The expressed concerns will be considered during the
preparation of the final rework procedures for hybrid microcircuits. The
recommended burn-in procedure for these circuits will in many cases be a
compromise between high ambient temperature and destructively high junction
temperatures. For circuits with power devices, it is essential that burn-in be
performed under RF conditions. This could also apply to some low power circuits,
since it may not be possible to significantly stress critical devices in the circuit
under dc conditions. ’

RADC will prepare and coordinate test methods and procedures-for MIC's and
SMC's. The Microwave Integrated Circuit test procedures, covering hermetically
sealed devices, will be included in MIL-STD 883. The Stripline Microwave Circuit
procedures, covering non-hermetically sealed devices, using hermetically sealed
discrete active components, will be included in the appropriate military
standard(s). Active device chips contained in packages using poly™.~ seals or non-
hermetic sealing techniques are not considered acceptable for military
applications.

J

OHN P. FARRELL
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1.0 INTRODUCTION

MIL-STD-8838, MIL-M-38510, MIL-STD-202, MIL-STD-750 and various
military specifications represent a dilemma to the military, system's
companies, and manufacturers when invoked on programs which require
Microwave Integrated Circuits (MIC) and Stripline Microwave Circuits

(SMC). These devices are classified as nonstandard parts which require

review and approval of their screening and quality assurance procedures.

The manufacturer and the system's company afe faced with taking T
exceptions to the military specifications because they do not directly - L- a
apply to MIC and SMC which generally results in a lengthy and costly ’

negotiations process. ‘ 1

The screening, 1lot conformance, and preseal visual criteria as
contained in MIL-STD-883B are not entirely applicable to MIC and not
defined for SMC.

Faced with a continued dilemma, the manufacturer develops a "vendor
equivalent® MIL-STD-883B. It is not to say that the manufacturer's
equivalent test methods are wrong; to the ocontrary, each represents a
compramise with respect to cost, quality, and reliability.

The vendor equivalents of several manufacturers were reviewed in
conjunction with Harris' experiences at the system and microcircuit
levels and applied to the development of test methods which meets the
objectives of industry and the military.

Companies which were representative of the MIC and SMC industries
were visited to review their approaches and procedures to preseal
visual, screening, and lot conformance. Each company contributed

additional information on construction methods and very openly discussed




their procedures for quality assurance.

Samples of Stripline circuits were purchased, disassembled, and
analyzed to view construction methods. To generalize, stripline passive
modules are constructed using aluminum housing, RF and dc connectors, and
a 'sandwich' construction of organic substrate materials such as G-10,
teflon fiberglas, epoxy fiberglas, etc. The modules are not generally
hermetic sealed. Literature was researched to augment the physical
analysis, and information furnished by the industry further contributed
to a model of Stripline circuits,

Harris Corporation's experiences with MIC manufacturers was coupled
to our internal experience in MIC design and fabrication to develop
several models for MIC's.

At this juncture, models of both MIC's and SMC's existed around
which preseal visual criteria could be developed. The purpose was to
up-date Method 2017, MIL~STD-883B to encompass MIC's while a separate
method would be developed for SMC's.

Method 5008, MIL-STD-883B was reviewed with respect to the
applicability of this test method to MIC's and SMC's. Since MIC and SMC
modules are not produced in large production quantities (i.e., tens or
hundreds of thousands), except in a few circumstances, the respective
proposed test methods were developed around smaller lot sizes.

The methods used to tune a circuit to specifications were
reviewed to determine the affects on reliability. Tuning methods are
identified as part of the critical processes to produce MIC's and SMC's.




Testing requirements for MIC's and SMC's were also reviewed to
determine at which places in the assembly, packaging, and, screening
sequences testing should be performed. The objective was to establish
testing points in the cycle to assure circuit and module reliability
without significantly impacting cost. Rework was also considered such
that a failed circuit could be replaced prior to sealing or repaired
prior to sealing,

Package reseal is of significant cost benefit when one considers
the cost of MIC or SMC modules which may contain as many as 15-20 circuit
functions. Although reseal is currently prohibited by the military
specifications, it remains a point at which a compromise must be reached.
The industry cannot be expected to discard modules whose costs often
exceed $5,000, and the military must have assurance of reliable and cost
effective products. Although not a part of this program, delidding and
resealing of MIC and SMC modules must be given immediate attention.

The final challenge of this prugram was to analyze the construction
methods with respect to mechanical and thermal integrity. It was beyond
the scope of this program to produce hardware and screen the hardware
through the proposed test methods. Computer analysis of the MIC and SMC
test models would produce first order data which would identify
‘potentially' unreliable construction methods.

The STARDYNE computer program was used to analyze the test models
with respect to vibration and mechanical shuck.

The ANSYS program was used for thermal analysis of the test models,

The resultant analytical data defined weaknesses in construction

methods which would 1limit the environment for certain types of

L —
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construction.

Throughout the program, ounly test models which were hermetically
sealed were considered except for the passive Stripline module; that is,
a Stripline module which contained no active components or unpassivated
passive components.

This program was an excellent beginning., The acceptance of the
proposed test methods by the military and industry requires the
cooperation of the military and industry.

I wish to emphasize that this program identified areas in MIC and
SMC manufacture which require additional study. There is the need to
generate reliability data based on the proposed test methods. This can
only be accomplished by building hardware and performing the screening
and lot conformance testing. Industry can assist by making reliability
data available to RADC which supports these technologies and the military
can provide the leadership by assuring that systems specifications more
clearly define the requirements for MIC's and SMC's.
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2.0 SUMMARY

To develop visual aiiwcria and test methods it was prudent to limit
construction methods to “common practice”; that is, those construction
methods which were generally used and accepted by the industry. To
establish, as best possible, the common practices in the MIC and SMC
udustries, literature was researched, manufacturers were visited, and
Harris' experiences were combined to establish the basis of “common
practice”,

It was recognized that each cumpany has developed oconstruction
methods and test procedures which meet their respective objectives.
Every effort was made to maintain a middle of the road position with
respect to the needs of the military and the capabilities and objectives
of the industry.

From a review of Figures 2.,0-1 through 2.0-5, it is readily
observed that MIC's and SMC's are produced using many processes from
hybrid micro-circuits (the lower frequency counterparts) and new
processes common to MIC and SMC technologies. ‘These figures represent
the types of components which are used, the construction methods, the
types of packages, the sealing techniques, and the different materials
for e substrates. These construction methods represent the module
construction methods which are representative of industry practice.
Pagsive Stripline modules were purchased and analyzed to determine
oconstruction techniques.

It is recognized that all variations could not be considered but
the information that was obtained clearly permits the establishment of
the "common practice”™ ooncept and encompesses at least 90% of the

constcroct f n methods.
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Figure 2.0-1.
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Package Sealing

Figure 2.0-5.
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The mudels which represent the common practice are discussed in
Jetail in Section 7.0, Computer Analysis of Construction Methods.

2,1 MIC and Stripline Vendor Data

Technology matrices were developed and forwarded to several MIC
and Stripline vendors to obtain a representative cross section of the
matertals, processes, visual inspection, screening, and lot conformance
testing used to produce military muodules/products.

The technolugy matrices are illustrated in Appendix A. It can be
readily seen that the matrices cover 95% of the possible combinations of
materials, processes, and testing that would be used in module
fabrication.

In this section the responses of the vendors will be discussed and
the details of the information that each supplied will be presented. The
vendor survey was nut intended to cover the entire industry; again, its
purpose was to obtain sufficient information on the details of
construction, The information is ‘representative' of the industry.

2.1.1 MIC Vendor Data

The information for MIC technology is ocontained in Appendix B.
This infumation is a summary of the processes and materials which are
used by vendors to produce their respective products. It is interesting
to note that thin film technology is used primarily to produce MIC's
cuvering the frequency spectrum from 30 MHz to 18 GHz. The substrates
used are mainly high purity alumina and fused quartz. The substrate
metalization is gold with Nichrome or tantalum nitride resistors.

Chip components are used to avoid the parasitics of packages

devices, The chips, particularly active devices, are used so that

13




multiple wire bonds can be placed un the emitter ur base of a bipular

device or the source, drain, and gate of an FET device. This multiple
wire bonding reduces parasitic inductance and the wire bonds to the
device are made using stitch bonds, ribbon bonds, or mesh bonds. This
method of bonding has reduced wire pull strength and generally does not
meet the requirements of MIL-STD-883B, We recommend that multiple
bonding criteria, which is beyond the scope of this study, be added to
MIL-STD-883B tu encumpass stitch bonds, ribbon bonds, and mesh bonds with
the appropriate minimum acceptable pull strengths., The same criteria
for periodic machine certification as currently contained ix;\ MIL-STD-883B
should alsv apply to equipment used to produce stitch and mesh bonds.

The other key area uf the technulogy matrix is tuning methods and
this area will be discussed in mure detail in Section 5.0,

The MIC vendors who responded did not indicate the use of thick
film technology in the processes which were used to produce MIC's;
however, at Harris we use thick film technology to produce a variety of
300 MHz products and have cunducted studies to use thick films up to 5
GHz. The major restrictions of thick film technology are fine 1line
resolution (i.e., 0.0003" 1lines and spaces and less) and resolving
critical coupler gaps with 0.0001" tolerances. The 'feathering' of the
thick film ounductor and the characteristics of thick film resistor
materials are alsvo limitations. For the sake of this study the Thick
Film Matrix was cumpleted to reflect what we at Harris believe to be the
restrictions. It is believed that the significant improvements in thick
film materials over the past two years will result in MIC's being

produced using thick films in larger quantities. The thick film process
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has the obvious advantage of large quantity substrate fabrication at
costs which are lower than thin films, The current limitations can be
offset by improved materials and judicious use of thick films for
noncritical circuit functions (i.e., phase shifters, amplifiers, except
low noise amplifiers, power dividers, etc.).

Packaging and integration of the circuit functions within a single
module is primarily accomplished using a machined box. Although more
costly to produce, it appears the most cost-effective package when
compared to tooling cost amortized over small quantities. The processes
and materials used in the module fabrication are contained in Appendix B.

Stainless steel and aluminum are the materials used to produce the
modules, I/O is accomplished using SMA connectors and soldered glass to
metal seals. With the decreases in tooling cost and increases in
production quantities of MIC modules, the kovar module with standard
glass to metal sealed I/O's will become more common. Harris will be
using a hermetically sealed kovar module to produce J-Band up~ and
downconverters.

Although epoxy is used widely to achieve non-hermetic seal of MIC
modules, the strong position of the military for hermeticity and the
availability of hermetically sealable MIC modules will force replacement
of epoxy sealing. Again, the impetus for hermetically sealed modules is
to assure the reliability of electronic equipment and allow system MIBF
specifications to be met.

The reseal criteria contained in MIL-M-38510 must be amended to
permit rework of MIC's modules. The cost of the module created by higher

levels of integration prohibits the 'throw away' oconcept.
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2,1.2 Stripline Vendor Data

It wuld be fair to generalize that Stripline Microwave Circuits
(SMC) are 'near’ cousins to printed wire boards. The departure from this
analogy is the extensive use of active and passive chip devices.

The military position with respect to non-hermetically sealed SMC
ounstruction methods requires that all active devices be hermetically
sealed JANTX equivalent, all microcircuits be hermetically sealed
MIL-STD-883B equivalent, and all passive components be passivated.

Comparing MIC cunstruction to SMC construction there are greater
variations Oof construction methuds used in SMC than MIC,

The types of boards/substrates that are used vary in electrical,
mechanical, and thermal prouperties. The G-10 material has the highest
usage while Teflon and Teflon-Fiberglass are also commonly used.

The buvards or substrates are metalized with cupper and guld
plated; a direct usage of materials and prucesses from the printed wire
board industry.

Both packaged and chip active and passive devices are used in the
circuit fabrication. Wire bonding and svlder reflow methods are used in
the general assembly processes. It is interesting tu note that cumpun-
ents were mounted directly to the module floor through holes in the
boards or near the edges of bvards to create a short path tuv ground.

The package material was most cummonly aluminum alloy with SMA
connectors and soldered, glassed in pins. Modules are often cunstructed
and literally bolted together to form the housing. Many housings were
found to be cumplex geumetries to provide RFI shielding between circuit

functions.
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The modules were not generally hermetically sealed but processes
have been developed to seal aluminum modules, These processes use
heliarc welding or laser wélding.

The construction of the passive stripline module such as power
dividers consist of the circuit board with-an aluminum housing which has
RF connectors and is screwed together. A mylar or plastic film is laid
over the top and bottom conductors for physical and mechanical protec-
tion. These modules are rarely hermetically sealed.

The screening and lot conformance testing of the Stripline module
is limited by the construction methodology and materials, but should not
be when the reduced criteria compromise reliability. 'The screening of
these products has been established within each vendor's facility and the
processes appear ocontrolled.

The dissimilarities of materials and the deltas in temperature
coefficients of expansion are the primary limiting factors.

The use of unpassivated chip ocomponents in the non-hermetic
modules dves limit reliability,

The data obtained from the SMC vendors was not as extensive as
desired. SMC oconstruction methodology does require additional work in
order to ascertain comparative reliability figures for Stripline
Modules. This data would be most beneficial in determining the criteria
for hermeticity.

As a general observation, Stripline modules are generally larger
than the MIC counterpart; it would be interesting to cumpare reliability
data for the same in both technologies function and further compare cost.

Nevertheless, Stripline products are used in airborne, ground, and

17
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shipboard systems with apparent success.

2,2 Results of the Literature Search

The literature search was cunducted tuv augment the vendor supplied
information. Appendix D contains a bibliography of the technical
publications which were used. Obviously, not all the technical
publications on the subjects of Stripline and MIC technulogies are
covered. The articles which were used described the complexity,
electrical function, and, to a lesser degree, the details of the assembly
and packaging of the circuits. Examination of the illustrations enabled
a good approximation of the modules cunstruction.

After reviewing the literature, it appears that buth MIC and
Stripline modules are produced using every conceivable coumponent,
material, process, and packaging method. Each campany has developed
in-process and screening procedures to assure the quality and reliability
of their products consistent with applicable specifications. Sufficient
safequards are practiced within the limitations of the materials used.
Again, the safeqguards and material 1limitations must be consistent with
overall product and system reliability.

2.3 Results of Industry Screening Evaluation

The screening of both MIC and Stripline Mudules was of fundamental
importance to the development of screening and lot cunformance test
methods.

The MIC vendors and systems ocumpanies screened their MIC prouducts
to variations ur vendor equivalents of Method 5008, MIL-STD-883B. The
SMC vendors tended to use MIL-E-16400, MIL-E-5400, and MIL-STD-202 or

variations of these specifications.
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2,3,1 MIC Screening
Table 2.3-1 represents the Method 5008 screening used by three MIC

vendors. It is interesting to note that two companies did not preseal 1
bake their products. One should be very concerned about the moisture i
levels in modules which did not have a preseal bake. Even if the module |
is sealed with epoxy it would require a period of time before moisture

— e Eerm——————— ey -

migrated through the epoxy matrix.
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Table 2.3-1. MIC Vendor Variations tv MIL-STD-883B
—
OPERATION COMPANY A COMPANY B COMPANY C
INTERNAL Modified 2017 Modified 2017 Mudified 2017
VISUAL
PRESEAL 1008
BAKE ™)
2 hr @ 150°C
SEAL
LEAK TEST 1014, Al
5x10™8 atm-cc/sec
STABILIZATION | 1008, B 1008, B 1008, B
BAKE o o o
24 hr @ 95°C 24 hr @ 125°C 24 hr @ 125°C
TEMPERATURE 1010, B o 1010, B o 1010, B o
CYCLE -62 to + 95°C -55 tuo +125°C -55 to +125°C
10 cycles
ACCELERATION 2001, B 2001, B 2001, D
OR SHOCK ¥l only Y1l only ¥l only
10,000 G's 10,000 G's 20,000 G's
FINE LEAK 1014, Al 1014, Al 1014, A
-8 -8
5x10 -~ atm-cc/sec | 5x10 a /sec 5x10—8 a Jsec
GROSS LEAK 1014, C 1014, C
BURN-IN 1015, B 1015, B 1015
12 hr @ +85°C +85°C with torvid | 168 hr
unless longer +125°C w/o toroid 125°%C
required by
ocontract
FINAL RF tests RF tests qu—-nv-gu
ELBCTRICAL o o o
TEST 25°C 25°C 25°C
EXTERNAL 2009 2009 2009
VISUAL

20
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Two MIC vendors did not perform a leak test after sealing but did
perform a fine and gross leak test after screening. This appears to be a
contradiction to econumics in view Of the rework of the seal before
screening versus rejection of -an initial defect after the expense of
screening,

Table 2.3-1 does reflect the variations to MIL-STD-883B that are
used by different vendors. In the development of the Method 5008
equivalent for MIC'Q, the objective was to incorporate a compramise
between the variations which would be acceptable to industry and further
meet the reliabﬂ;ty objectives for the product (within each vendor's
cost objectives) which would be required by the military.

Finally, the final electrical tests were all conducted at ambient
25 YC at the modules RF frequency. 'The go-no-go tests were also
conducted at RF, It is believed that DC testing is not an adequate test
for the majority of MIC modules in view of the conﬁlexity of the
circuit/module functions. DC tests may provide indicators of faulty or
out of spec performance but the RF testing is, in most cases, mandatory
to determine actual circuit/module performance.

2.3,2 Stripline Screening

Table 2.3-2 represents the appruach that three SMC vendors take in
the screening of their products. In the case of MIC screening, there was
a reasonable consistency in the screening sequence; however, that
consistency is not apparent with Stripline screening procedures.

The 5008 equivalent for Stripline was develuped to be in concert
with the cunstruction of the modules (within the nonhermetic/packaged
device ounstraint). The testing indicated in Table 2.3-2 did include

21




modules which were not hermetically sealed and contained active and
passive chip components (this contruction method is UNACCEPTABLE to the

military).
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Table 2. 3-2.

Stripline Screening

._

OPERATION COMPANY C COMPANY D COMPANY E
(MIL~-STD-202)
0 3
TEMP CYCLE =54"C to 95°C
TEMPERATURE —54 to 125°¢C Method o 107,
SHOCK A -55°C to 85°C, 30
minutes at temp
extremes, 5 cycles
ALTITUDE 0 to 100,000 0 to 100,000 Method 105, Condition
feet feet D (100,000 feet)
TEMP/ 95°C at 0 ft.
ALTITUDE to -9°C at
100,000 feet
HUMIDITY 100% 95% Method 103,
Condition B (96 hrs)
VIBRATION 2G, 5-500 Hz 20G, 5~2000 Hz Method 204 Condition
B, 10-20,000 Hz, 15G
Peak
MECHANICAL 30G, 11 ms 50G
SHOCK
MOISTURE Method 106
RESISTANCE
LIFE TEST Method 108, Condition
B, 250 hours
SOLDERABILITY Method 208

23

— U




It is interesting that the cumpany which tested to MIL-STD-202 did
perform life test on its militarized produéts. Since the modules in the
majority of products were not hermetically sealed, it is interesting that
humidity tests were performed. The results and yields after the test
would be interesting to study.

The objective, to develop a screening and lot conformance test
method for Stripline modules/products, once accomplished, would be a step
in the direction that would provide valuable data on the reliability of

Stripline products.
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SECTION 3.0

MIC AND STRIPLINE SCREENING
AND

LOT CONFORMANCE TESTING

25




3.0 METHOD SXXX EQUIVALENT FOR MIC AND STRIPLINE

3.1 Method 5008 Equivalent for MIC's

Method 5008 equivalent for Microwave Integrated Circuits (MIC) was
successfully developed to achieve an optimum set of screening and quality
conformance tests for hermetically sealed MIC's, The proposed method
follows that same general format as exists for Method 5008, MIL-STD-883B
but differs in content in three primary areas. The differences are:

a. Preassembly evaluation criteria for packages and substrates

b. Expansion of screening criteria

c. FRevision of Groups A, B, and C quality conformance criteria

3.1.1 Preassembly Package and Substrate Evaluation

Preassembly package and substrate evaluation was extensively
revised into five specific subgroups, the first three of which address
package integrity and the remaining subgroups address substrate
evaluations. Referring to Figure 3.1-1, and subgroup 1 requires

evaluation of the package's physical dimensions dependent on circuit

functions and the package constraints specified by an applicable detail

specification. Lead integrity tests are intended to evaluate dc feedthru
or leads which are an inteqral part of the package. Subgroup 2 addresses
thermal and mechanical stresses with respect to substrate-to-package
attachment integrity and subgroup 3 is intended to evaluate the package's
environmental integrity when expused to a corrosive atmosphere or high
humidity. Subgroups 4 and 5 are substrate related evaluations

primarily addressing metallization.

-
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3.1.2 Screening Criteria

Referring to Figure 3.1-2, screening sequences follow the criteria
of existing method 5008, Primary differences are the examination of
internal visual criteria (described in more detail in Section 4.0),
revision of thermal and mechanical stress levels, and expansion of the
burn-in requirements to provide quidelines for DC, RF and digital stress
criteria, during burn-in, dependent on the circuit's intended usage and
power handling limitations.

3.1.3 Quality Conformance Criteria

Referring to Figure 3.1-3, Group A tests specifically address
electrical requirements at minimum, ambient, and maximum temperatures.

3.2 Method 5XXX for SMC

Method 5008 equivalent for SMC was specifically developed to
achieve an optimum set of screening and quality conformance tests for
non-hermetically sealed microwave Stripline circuits. The proposed
method follows the same general format as existing method 5008, of
MIL-STD-883B but differs in ccitent in four primary areas as follows:

a. Limitations on the use of unpackaged discrete cumponent piece
parts

b. Preassembly evaluation criteria for packages and circuit boards




Figure 3.1-2. Flow Diacram of Screening Tests of Proposed
Method SXXX For Microwave Integrated Circuits
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Flow Diagram of Quality Conformance Testing

of Proposed Method 5XXX For MIC's

Figure 3.1-3.
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c. Expansion of screening criteria
d. Revision of and qual:ity conformance criteria

3.2.1 Discrete Component Piece Parts

The propused methud requires discrete active circuit camponents to

be hermetically packaged and passivation protection of all passive chip

cumponents. NoO additional limitations on the use of circuit components
and materials was deemed necessary other than to reiterate the require-
ments for adequate procedures to identify and reject all noncompliant
parts and materials prior to assembly and packaging.

3.2.2 Preassembly Package Evaluation

Preassembly package evaluation was extensively revised into five
specific subgroups, the first three of which address package integrity
and the remaining subgroups to circuit bvard/substrate evaluation.
Referring tu PFigure 3.2-1, subgroup 1, requires evaluation of the
package's physical dimensions dependent on circuit function and the
package cunstraints specified by an applicable detail specification.
Lead integrity tests are intended to evaluate DC feedthru ur leads which
are an integral part of the package., Subgroup 2 addresses thermal and
mechanical stresses with respect to circuit buard/substrate-to-package
attachment integrity and subgroup 3 is intended tu evaluate thc package's
environmental integrity when exposed to a ourrovsive atmosphere or high
humidity.

3.2.3 Preassembly Circuit Board Evaluatioun

Subgroups 4 and 5 are circuit buard/substrate related evaluations
primarily addressing adhesion of the ounductor pattern tu circuit board
dielectric/plating tou conductor pattern, .olderability of the circuit

bvard and bund inteqrity.
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Figure 3.2-2.

Flow Diagram of Screening
Tests of Proposed Method
5XXX For Stripline
Microwave Circuits




Flow Diagram of Quality Conformance Testing

of Proposed Method SXXX For Stripline
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3.2.4 Screening Criterta

Referring to Figure 3.2-2, screening sequences tollow the criterta
of existing method 5008. Primary differences are the development of a
completely new set of internal visual criteria for IMC's (described in
more detail in Section 4.0), revision of thermal and mechanical stress
levels and expansion of the burn-in requirements to provide gquidelines
for DC, RF and digital stress criteria during burn-in, dependent on the
- circuit's intended usage and power handling limitations.

3.2.5 Quality Conformance Criteria

Referring to Figure 3.2-3, Group A tests specifically address
electrical requirements at room ambient and maximum and minimum
temperatures. Group B tests address visual, mechanical, resistance to
sulvents, solderability, and lead intearity reauirements.

3.3 Electrical Test Requirements

Since the impacts of cost and performance must be carefully viewed
with respect tu electrical test requirements, primary emphasis must be on
the testing of individual circuits that make up the MIC or SMC module,
preseal mudule testing, and electrical test as required by the test
method and/or the applicable detail specification.

One must recugnize that the MIC or SMC individual citcuits may be
an element of the whole module performance much like a wavequide or
cavity. Testing circuits outside of the mudule may not be entirely
representative of the integrated mudule performance. Alsu, the metallic
1id of the mudule must generally be in place and electrically cunnected

to the module tuv achieve required preseal test results,
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The question uf what cunstitutes appropriate test of MIC or SMC,
must be answered with respect to the cumpleted module performance and
the meaning/interpretation of test data at the individual circuit level.
The frequency of the circuit will be a prime counsideration, the test
fixture must be a consideration, the capability to correlate individual
circuit performance tu cumpleted module performance is alsov required.
Simply, each module design must be cunsidered un a separate basis and
electrical test requirements should be tailured tu meet the required
per formance.

It is practical to develop general guidelines for DC and RF test
that can be cunducted in ourder tu reduce rework and cumply with the
propused testing that 1is countained in the prupused Method 5008
equivalents for MIC's and SMC's.

For purpouse uof develuping a test rationale MIC and SIMMC modules
are considered as microwave modules., It is recognized that the
construction methuods will generate variations to the testing plan and
should be part of the detail specificatiun.

3.3.1 MIC and SMC Mudule Testing Philusouphy

The sequence of testing that will be discussed in this sectioun
is in general use in the MIC and Stripline industries, This philusuphy
is based upun econumic realities assuciated with complex, highly
integrated MIC and SMC mudules. The testing that is prupused and the
sequence is as follows:
3.3.1.1 Preseal Burn-in: this optivnal test shall be performed at 125
®c, +5 °C -0 °C for a maximum of 4t hours, +8 hours ~ 0 hours. Stresses

shall be induced by the application of dc bias. DC bias levels tu be
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specified in the applicable detail specification. Pre-seal burn-in need
not be performed :i1f the ...vices used in the mudule construction were
burned-in tu this criteria prior to assembly in the module.
MIL-STD-883B, Method 1015 curves are an acceptable alternate method for

establishing time/temperature for preseal burn-in,

3.3.1.2 Postseal Burn-in: this shall be performed at 125 °C, +5 °C -0

°C for a minimum of 160 hours, + 8 hours, -0 hours. Stresses shall be

Vinduced by the applicétion of dc power., DC power levels tu be specified
in the applicable detail specificatioun,

NOTE: Since preseal burn-in is optional the total burn-in must not be
less than 160 hours unless otherwise specified in the applicable detail
specification. Other time-temperature equivalence may be determined from
Method 1015, Figure 1015, MIL-STD-883B to meet the counstruction
limitations of the particular module construction,

3.3.1.3 Unless otherwise specified, the following criteria shall be

utilized during burn-in:

3.3.1.3.1 Small signal devices (100 milliwatts or 1less) shall be
stressed by DC puwer.

3.3.1.3.2 Large signal power devices (greater than 100 milliwatts) shall
be <tressed by applying RF signal excitation oconsistent with normal
operatiuon and appropriate dc power levels.

3.3.1.3.3 RF devices with digital contruvl shall be stressed by
exercising the digital dynamics in addition to appropriate applications
of pwer as specified in 3.3,1.3.1 and 3,3.1.3.2 abuve.

3.3.2 Final Electrical Measurements shall assure that the MIC or

Stripline modules tested meet the electrical requirements of the
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applicable detail specification and shall include, as a minimum, all

parameters, limits, and conditions of test which are specifically
identified in the detail specification or drawing as final electrical
test requirements. Electrical test shall be conducted at the required
temperature extremes including ambient temperature and the data recorded
for this test.

3.3.3 Clarification

The many variations of construction methods, materials,
components, tuning technigues, and package configurations do not 1lend
well to the establishment of standard burn-in and electrical test require-
ments. The time/temperatures for burn-in may be established in
accordance with MIL~STD-883B, Method 1015 curves. The burn-in electrical
conditions must be established in accordance with active and passive
camponent thermal and electrical limitations.

Because of the module design variations, it is mure applicable
to require that a burn-in test plan be appruved by the prucuring agency
for the specific module being tested. We have atiempted tu establish
testing gquidelines in the propused test methuds but these fall short of
the objective to minimize exceptions. At least, ouptions are available
for consideration and with respect to burn-in and electrical test

requirements.
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AND

STRIPLINE MICROWAVE CIRCUITS
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4.0 PRESEAL VISUAL CRITERIA FOR MIC AND STRIPLINE

4.1 Method 2017.1 Update for MIC's

The internal visual criteria contained in Method 2017.1 of
MIL-STD-883B does not cover many of the cunstruction methods utilized in
microwave integrated circuits and therefore an update tu the exact method
was desirable. ‘The prouposed expansion to method 2017.1 includes the
following:

a, Parallel plate chip capacitor criteria

b, Interdigitated and deposited capacitor criteria

c. Thin and thick film void and pin hole expansions to existing
criteria. The 1illustrations which are contained in the
up-dated Method 2017 incorporate such defects as scratches
in a resistor which result from handling, scratches in masks
which are reproduced in the resistor films; and, in general,
improved illustrations of voids and pin holes observed in
both thin film and thick film patterns.

d. Chip component orientation versus substrate oonnector and
feedthru center contact

e. Connector and feedthru center contact orientation and solder
joint acceptance

f. Various updates throughout this method

Parallel Plate Chip Capacitors

The proposed addition incorporates criteria for peeling of top and
bottom metallization, metallization smearing, cracks in the dielectric
and metallization extending around the edges of the capacitor.

4.1.2 Interdigitated Capacitors

Interdigitated capacitor criteria includes scratches and voids in
the metallization and bridging of metallization,

4,1.3 Thin and Thick Film Void and Pinhole Criteria

The proposed addition incurporates additional wvuid criteria and

develops criteria for pinholes which reduce the resistor width or area.

4.1.4 Chip Component This addition establishes the criteria for chip
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\ parallelism to substrate surface.

4.1.5 Connector and Feedthru Center Contact Soldering Criteria

This section was developed tu provide criterta for center contact

orientation and solder joint visual acceptance.

4.1.6 Various Updates to the Method

Method 2017.1, MIL-STD-883B was thoroughly reviewed and various
sections were updated as necessary.

4,2 Method 2XXX for Stripline

Method 2XXX equivalent for microwave Stripline circuits was
developed to provide internal visual inspection criteria specifically
addressing those areas unique to Stripline construction methods. Since
Stripline microwave circuits represent a combination of printed circuit
board and hybrid oonstruction techniques utilizing chip components,
packaged devices, soldered components and wires, the development of a new
method separate from existing method 2017.1 was desirable. The proposed
method follows the same general format as exists, Method 2017.1, MIL-STD
883B and contains the following key areas:

a, Hermetically sealed active devices

b. Passive chip components

c. Basic current board visual criteria

d. Solder and organic polymer component mounting

e, Solder and organic circuit board to package attachment
f. Connector and feedthru center contact soldering criteria
g. Wire bond criteria

4.2,1 Hermetically Sealed Active Devices

The proposed method requires discrete active components tu be
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: hermetically packaged, JANTX OR Class B. The proposed method
addresses the criteria for internal visual inspection which will normally

be conducted by the' component supplier. The criteria is identical to

the requirement specified in Method 2017.1.

4.2,2 Passive Chip Components

Criteria contained within this section is identical to the
requirements specified in Method 2017.1.

4.2.3 Basic Circuit Board Visual Criteria

Basic circuit board visual criteria was developed including
criteria for undercutting, oconductor separation, conductor overhang,
voids and scratches.

4.2.4 Solder and Organic Polymer Component Mounting

The proposed method includes criteria from existing method 2017.1
and was expanded to include chip component parallelism to circuit board,
component orientation and excess solder and/uor organic polymer material.

4,2.5 Solder and Organic Polymer Circuit Board Attachment

This section follows the same general requirements as existing
Method 2017.1.

4,2,6 Connector and Feedthru Center Contact Suldering Criteria

This section was developed to provide criteria for center contact
orientation and solder joint visual acceptance.

4,2,7 Wire Bond Criteria

Wire bond criteria folluws the same requirements contained in

Method 2017.1.
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SECTION 5.0
MICROWAVE INTEGRATED CIRCUIT

AND

STRIPLINE MICROWAVE CIRCUIT TUNING




5.0 RF TUNING METHODS AND RELIABILITY

The primary industry methods for RF electrical tuning of MIC and
Stripline circuits can be divided into three cateqgories: additive; that
is, the addition of electrical length by physical means, subtractive;
that is, the substraction of electrical length by physical means, and
oriented; that is, the deformation or movement of wires.

There are also methods used to select components during the
testing of modules which are not tuning methods. The 'toothpick'
capacitor or resistor is one method and is simply a capacitor or resistor
'‘glued' to a toothpick or any non-conductor material. Electrical contact
is made by compression and the required component value can be determined
by selecting the resistor or capacitor value.

5.1 Additive Tuning

This method of tuning includes techniques to increase the length,
width, or area of a conductor path. Primary methods include wire buonding
to adjacent conductor areas, soldering or epoxying ounductive foil
bridges to adjacent conductor areas, soldering or epuxying ‘'stubs' over
insulating areas, and applying conductive epoxy shorting oconductor areas
or increasing conductor areas. Figure 5.1-1 illustrates these methods of
tuning. Method 2017,1 MIL-STD-883B has criteria for the visual inspec-
tion of these tuning methods but the interpretation may lead to confu-
sion. For example, a metal stub soldered to a conductor area is not
affixed to the substrate, epoxy used to short conductor areas may be
oconsidered a 'smear', and wire bonds which are generally flat to achieve
electrical tuning do not meet the contour requirements (i.e., parabulic

in shape).
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Visual inspection is hindered by a very important factor: each
tuning area may and most probably will be different in form and shape
from circuit to circuit. Comparisons to a dimensional drawing for
tolerance would be virtually impossible. This hinderance can be overcome
by using minimum/maximum limits for describing the boundaries of the
tuning components in the detail drawings. Method 2017.1 should alsov add
a separate criteria for tuning to be in concert with accepted practices.

It has been observed that the tuning adjustments performed during
electrical testing of a MIC or Stripline circuit are sensitive to thermal
and mechanical screening. Any rework of the tuning elements must be
verified by electrical testing.

The reliability of the additive techniques require additional
data. For example, the adherence of conductive polymers to dielectric
substrate materials must be tested through the screening sequence such
that there would be no loss of adherence (obviously, luss of adherence
would result in eventual failure). The motion of soldered or
conductively epoxied stubs during shock and vibration testing oould
result in fatiguing of the attachment joint and a resultant failure.

Suffice it to say that these tuning methods are commonly used but
insufficient data exist to determine the reliability as a function of
screening.

5.2 Subtractive

Another generally used method of tuning adjustment includes
technique for remuval of oconductor pattern areas. The methods of
material removal are usually limited to thermal (laser) or abrasive (sand

blasting, knives, carbide or diamond scribes). Chemical milling
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(etchings) are not generally used on assembled MIC or Stripline circuits
during electrical tuning, though they are occasionally used during
substrate fab and rework. Methods uf subtractive tuning are described in
Figure 5,2-1.

Again, the interpretation of the visual criteria of Method 2017.1,
MIL-STD-883B can lead to difficulties. For example, scribing a conductor
line open will result in smearing of the metallization and minor damage
to the underlying substrate. Because of the fine line geometries, there
is often minor damage to adjacent line which may not meet the acceptance
criteria for metallization scratches.

As in the case of additive tuning, visual inspection is hindered
by the same deviatiuns noted with the additive tuning methods. Tuning
methods will cause a difference between the actual circuit and detatled
drawings, Minimum/maximum limits must be established that would satisfy
reliability and performance constraints and those constraints added to
the applicable drawings. Reworked or retuned circuits/modules would
require verification by electrical testing.

The reliability of the subtractive tuning methods is a serious
concern., Will smeared metallization detach? Will nun-cunductive
material (i.e., from damage to the substrate) detach? 1The subtractive
tuning method used must be evaluated to prevent failures associated with
the method used for this tuning. Again, data must be generated and
in-process safequards established to prevent luuse particles (conductive
or non-conductive) in the final, sealed product.

5.3 Or iented

This methud of tuning relies on the physical deflection of
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conductors or insulators to modify mutual coupling (magnetic or
capacitive). Orientation ¢f conductors or insulators is rever-
sible and, therefore, very appeaiing for use in circuits which
require close tolerances, or those having parameter variations.
The reversibility is also the fundamental negative aspect
because it compromises stability over the environment. Figure
5.3-1 depicts commonly used tuning methods using orientation.
Many varieties of variable capacitance elements, as component
trimmers, are available and will not be detailed here. Visual
inspection of this type of tuning is extremely difficult due to
the movable circuit elements obscuring view, but this is an area
that must not be overlooked. Reliability can be seriously

af fected because of mechanical or environmental overstress
during deformation of the tuning element. The primary concerns
are gap widths, foreign material, cracks in the bonding mater-
ial, and general mechanical integrity.

Stability of the component values may be compromised
during the tuning operations due to unrelieved stresses. A man-
datory temperature cycle from room ambient to the maximum spe-
cifie:! ‘cmperature and back to room ambient temperature neu-
traiizes these stresses and is a preferred process step during
the test and tune portion of assembly. This temperature cycling
must be performed before the module is sealed. The scress
characteristics will vary with the material used and must be
considered when using this method of tuning. The degree of

stress induced in the wire material is human related and would
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therefore, very appealing for use in circuits which require close
tolerances, or those having large parameter vartations. The
reversibility is also the fundamental negative aspect because it
compromises stability over the environment. Figqure 5.3-1 depicts
cumwonly used tuning metnods using orientation, Many varieties of
variable capacitance elements as cumponents trimmers are available and
will not be detailed here. Visual inspection of this type of tuning is
extremely difficult due to the movable circuit elements obscuring view,
but this is an area that must not be overlooked. Reliability can be
seriously affected because of mechanical or envirommental overstress
during deformation of the tuning element. The primary concern is gap
widths, foreign material, cracks in the bonding materials and general
mechanical integrity.

Stability of the ocoumponent values may be compromised during the
tuning operations due to unrelieved stresses, A mandatory temperature
cycle from room ambient to the maximum specified temperature and back to
room ambient temperature neutralizes these stresses and is a preferred
process step during the test and tune portion of assembly. This
temperature cycling must be performed before the module is sealed. The
stress characteristics will vary with the material used asxd must be
considered when using this method of tuning. The degree of stress
induced in the wire material is human related and would be difficult to
control. Application of non-conductive material would minimize stress
relieved detuning but another problem would be created by capacitive

detuning associated with the non-cuonductive material.
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In brief, the thermal and mechanical properties of the materials
being used must be understood relative to the envirorment to which the

module will be exposed.

52 1




SECTION 6.0

MIL~-M-38510, APPENDIX G EVALUATION
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6.0 SUMMARY

The workmanship and rework requirements of 3.7 and 20,5 of
Appendix G, MIL-M-38510 were found to be applicable to MIC and Stripline
circuits with several key exceptions. It must be noted that this
evaluation was conducted separately from the development of MIC and
Stripline Screening and Lot Conformance test methods.

6.1 The Evaluation

6.1.1 The rework 1limitations of MIL-M-38510 do not apply to tuning
methods that were described in Section 5.0.

6.1.2 Replacement of a functional circuit contained on a removable
substrate in a module dues not constitute a rework operation.

6.1.3 MIL-M-38510 does not permit delidding a sealed module if a MIC
module is defined as a hybrid package; however, the economics of this
prohibition would be catastrophic to the MIC industry. Delidding must be
permitted and it is recognized that the reseal operation should be
documented. The most appropriate approach to delidding and reseal would
be that the process be approved by the procuring agency.

6.1.4 The limitation of 2 rework cycles does not apply to MIC or
Stripline modules which are multisubstrate. The restriction should be
removed provided that all inspections, tests, screening and acceptance
test criteria of this specification are successfully completed.

It becomes obvious that unlimited rework would have natural
limitations because of the inherent failures after 'too many' screening
and burn-in cycles.

Economics are a reality but should nut be cause for reducing the

module's reliability. It is, once again, a trade-off.

54




Rework of MIC and Stripline modules and the commensurate affects

on reliability will remain an open issue until data is generated on the

affects.
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SECTION 7.0
DYNAMIC AND THERMAL STRESS ANALYSIS
OF MIC AND STRIPLINE

CONSTRUCTION METHODS
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7.0 INTRODUCTION

The purpose of this investigation was tuv determine the ability of
six MIC and stripline modules to withstand various dynamic and thermal
cycling environments, The dynamic enviromments included 24 Grms random
vibration; 3000g, 3 msec shock; and 10,0009 constant acceleration. The
thermal cycling environment consisted of 100 thermal cycles with
temperature limits of -65° C and + 125° C. ‘The STARDYNE finite element
cumputer program was used to determine module dynamic behaviour. The
program coumputed module resonant freqguencies, dynamic response, and
dynamic stresses. Where applicable, hand calculations were used to
supplement the finite element analvsis. The ANSYS finite element computer
program was used to determine module thermal stresses resulting from the
thermal cycling envirorment., Ultimate margins of safety were calculated
tO assess each module's ability to survive the above environments. These
margins of safety formed the basis for various conclusions and
recammendations oconcerning module design, Recommendations for future
analysis were alsv made.

7.1 Results

The results of the STARDYNE and ANSYS analysis by module are
preserted in eight tables in this section.

These tables are needed for reference as each module, lead,
cuonnector, and substrate are discussed.

The results cover a defined enviromment and the data can only be
extrapvlated to less stringent enviromments. The extrapolation is not
necessarily simple; one must carefully understand the resounant
frequencies; nevertheless, this work is unly the groundwork for refining

the cumputer analysis of MIC and Stripline mudules.
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Table 7.1-1. Module #1 Vibratory Modes

Mode Natural
Number Frequency (Hz) Type of Motion

1 2,574 Cover Plate Bending Mode

2 2,623 Cover Plate Bending Mude

3 2,655 Cover Plate Bending Mode

4 2,902 Cover Plate Bending Mude

5 2,906 Cover Plate Bending Mode

6 3,491 Not Extracted (Probably Cover Plate Bending
Mode)

7 8,208 .50 in x 1.00 in Substrate First Plate
Bending Mode

8 10,153 .50 in x 1.50 in Substrate First Plate
Bending Mode

9 13,066 .50 in x 1.00 in Substrate Secund Plate
Bending Mode

10 14,946 .50 in x 1.50 in Substrate Second Plate
Bending Mode

11 20,868 .50 in x 1.50 in Substrate Third Plate
Bending Mode

12 23,986 Not Extracted (Probably .50 in x .50 in

Substrate Pirst Plate Bending Mode)
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Table 7-1,2, Module #1 Dynamic Stresses
Dynamic Camponent Dynamic Dynamic Margin Yf
Environment Analyzed Deflection (in) | Stress (psi) Safety
24 G__ Random |Substrate 1.23 x 1074 28 2,549
VibrS@fon ‘
Cover 37 1,215
J Module <93 48,386
3,000g, 3 msec |Substrate 4,30 x 1073 643 108
Shock
Cover 991 44.40
J Module 22 2,044
y
10, 000g Substrate 1.40 x 1072 1,308 52,51
Acceleration
Cuver 3,247 12.85
J Module 311 144
y
10, 000g Substrate Lead | 1.08 x 1074 340 54.88
Acceleration -2
Feedthru Lead 1.31 x 10 154,200 -.88
40 psi Spring |Substrate 4.20 x 1073 29,100 1.40
Pressure Plus
10,0009 -
aAcceleration Substrate 1.08 x 10 5,200 14.76

Mounting Screws

1. Margin of Safety (M) is defined as:

M = Ultimate Strength

Calculated Stress
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Table 7.1-3. RF Connector Thermal Stresses as Installed
Cosponent Temperature | Stress |Margin of
) . 1
Analyzed Material (70 (psl) Safety
Female Connector Beryllium Copper 125 18,240 2,28
Insulator Teflon 1,725 .44
Outer Case Stainless Steel 27,050 1.77
Male Connector Brass 6,020 5.14
Module Aluminum 15,250 1,95
Kovar Shell Kovar 37,900 «97
Glass 7052 Glass 13,650 -.49
Unrestrained
Camponent Temperature | Stress {Margin of
Analyzed Material “ o (psi) Safety1
Female Connector Beryllium Cupper 125 18,200 2,29
Insulator Teflon 1,980 «26
Outer Case Stainless Steel 8,150 8.20
Male Connector Brass 14,010 1.64
Kuvar Shell Kuvar 28,270 1.65
Glass 7052 Glass 6,100 .14

1. Margin of Safety (M) is defined as:
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Table 7.1-4, DC Feedthru Thermal Stresses

Cumponent Temperature | Stress | Margin of

Analyzed Material (0 C) (psi) Safetyl
Wire Alloy 52 125 10,440 522
Epoxy Seal 2651-MM Epoxy -65 2,470 1,83
Ceramic Barium Titanate 125 8,730 <34

" Hermetic Seal 9010 Glass 125 8,990 -.23
Case C1213 Steel 125 24,240 2,01
Solder 62% Tin Solder 125 13,660 -.56 ;
Module 6061-T6 Aluminum 125 11,900 2,78
Unrestrained’

Cumpunent Temperature | Stress | Margin of

Analyzed Material © o) (psi) | Safety’
Wire Alloy 52 125 4,680 12,88
Epoxy Seal 2651-MM Epoxy -65 2,280 2.07
Ceramic Barium Titanate 125 5,220 1.24
Hermetic Seal 9010 Glass 125 5,390 .29
Case C1213 Steel 125 18,930 2.85

1. Margin of Safety (M) is defined as: M = Ultimate Strength

Calculated Stress




Table 7.1-5, Modules #2, 3, 4 Dynamic and Thermal Stresses

Camponent Stress Margin of
: Module | Analyzed Loading (psi) Saf:'ety1
‘L 2 Substrate 40 psi spring pressure 12,400 5.61
plus 10,0009 acceleration
Substrate .007 spring deflection 64,500 -.89 .
plus 10 000g acceleration :
3 Epoxy Joint |10,000g acceleration 90 21,22
Welded Joint 90 832.33
Epoxy Joint |-65 “F Thermal 6,340 ~.69
4 Substrate 10,0009 2,430 1.06
Screws acceleration
Substrate 6,290 10.12

1. Margin of Safety (M) is defined as: M = Ultimate Strength

Calculated Stress




Table 7.1-6. Module #5 Lead Dynamic Stresses
Horizontal Vertical
Projection Projection Length Stress Margin of
Loading (4n) (in) (in) (ei) | Safety!
10,0009 .450 «166 .480 706,600 -.974
Acceleration
.080 0 .080 20,900 -.091
.040 .166 .170 22,800 -.167
.040 .040 .056 7,510 1.530
_J
1. Margin of Safety (M) is defined as: M = Ultimate Strength -1

Calculated Stress
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Table 7.1-7. Module $5 Substrate Material Coumparisun

Structural
Weight Strength-to~ Ultimate
Young's Density Weight Ratio Strength

Material | Modulus (psi) | (lb/in) (in) (psi)  |Rank
G-10 20 x 10° 6

.065 307 x 10 35,000 1
Teflon .70 x 10° .079 8.9 x 10° 20, 500 2
G-2 12 x 10° .054 |222 x 10° 11,000 3

Thermal Stresses
Cumponent Margin of
Analyzed Material Stress (psi) Safet:y2 Rank
Module Aluminum 770 57.44
Solder 62% Tin Solder 2,680 1.28
Substrate Teflon 3,290 5.23 1
Module Aluminum 2,340 18.23
Solder 62% Tin Solder 4,300 .42
Substrate G-10 7,410 3.72 2
Module Aluminum 850 51.94
Solder 62% Tin Solder 2,630 1.32
Substrate G-2 9,520 .15 3

1. Strength-to-Weight Rativ

(R) is defined as:

R = Young's Mudulus

Weight Density i

2. Margin of Safety (M) is defined as: M = Ultimate Strength _
Calculated Stress 3
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Table 7 ° 1-80

Module #6 Thermal Stresses

Component Temperature Stress Margin of
Analyzed Material “ o (psi) Safety’
Module Aluminum -85 580 76.58
Substrate Teflon 3,320 S.17
Epoxy 36-2 Epoxy 5,220 -.62

Margin of Safety (M) is defined as: M
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7.2 Conclusions and Recommendations

7.2,1 Module $1 Dynamics

Due to its high (above 2,500 Hz) resonant frequency, the module
(substrate, cover, and module housing) experiences low dynamic stresses
(less than 4,000 psi), resulting in margins of safety greater than 10.
Therefore, the module is capable of surviving the 24 Grms random
vibration, the 3,000g, 3 msec shock, and the 10,0009 constant acceleration

enviromments without suffering a structural failure, Since the 10,0009

acceleration environment produced the highest dynamic stresses, subsequent
analysis concentrated on this environment. Since the module housings are
quite stiff, they act like rigid bodies when exposed to dynamic
envirorments, Therefore, future analysis should concentrate on substrates
and component leads, When exposed to the 10,0009 acceleration

enviromment, the substrate-to-substrate lead also experienced a margin of

safety greater than 10. It is therefore capable of surviving the above
enviromments without experiencing a bending failure. However, when the
feedthru~to-substrate lead is subjected to the 10,000 acceleration
enviromment, it experiences a negative margin of safety. As it is
presently oonfigured, the feedthru-to-substrate 1lead would suffer a
bending failure when exposed tu the 10,0009 acceleration environment.
This conclusion confirms previous test experience of long leads breaking
during high acceleration. To alleviate this problem, the feedthru lead's

unsupported length should be shortened. This can be done by: (1)

locating the feedthru closer tu the substrates, and (2) moving the lead's
| substrate pad closer to the feedthru. Alsv, bunding the lead tu the

substrate would improve the lead's structural integrity. When subjected

66




to the measured 40 psi finger spring pressure plus the 10,0009
acceleration environment, the substrates and their associated mounting
screws experienced margins of safety greater than one. Therefore, the
substrates and their mounting screws are capable of surviving the above
dynamic environments. It is further recommended that dynamic analysis be
done on the large ring-like inductors found on several Module #1
substrates.

7.2.2 Module %1 Connector Thermal Stresses

when the connector's expansion a)d contraction are not restrained
(simulating vendor testing), it experiences positive margins of safety
(greater than .10). It can therefore survive the thermal cycling
environment in this configuration. Wwhen it is installed, expansion and
contraction are restrained by the module housing. The connector then
exper iences negative margins of safety, and some glass cracking may occur.
This result confirms previous test experience with glass cracking during
thermal cycling. Since glass is a brittle material, cracking will occur
when stresses are tensile. This occurs when the connector gets hot (125
YC). Glass typically fails between 7,000 psi and 14,000 psi. Since the
calculated stress is 13,650 psi, failure is a possiblity, but not a
certainty. It is recammended that a more rigorous analysts oe performed.
This new analysis would include: (1) using actual connector drawings, as
opposed to scaling dimensions from component x-rays, (2) including
material thermal fatigue effects, as opposed to using material ultimate
strength as a failure criteria, and (3) includinjg nonlinear
temperature-dependent material properties, as oppused to using worst-case

linear values. It is also recommended that sume thermal cycling tests be
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run on typical connector installati_is,

7.2.3 Module #l1 Feedthru Thermal Stresses

The same conclusions and recummendations that applied to the
connector also apply to the feedthru. The fullowing ounclusions and
recommendations alsu apply tu the feedthru. FPEpoxy tensile stresses occur
when the connector gets cold (-65 °C). Even though the solder experienced
a negative margin of safety (-.56), failure is difficult to assess, since
solder thermal stresses abuove 500 psi tend to relieve themselves! The :
effects of thermal cycling on solder should be included in a more rigorous
analysis. The analysis is conservative since the cushion of svlder that 4

surrounds the ceramic was not in‘cluded. This effect should be included

in subsequent analysis. 4
7.2.4 Module #2 Dynamics

The substrate mounting screws can survive the 40 psi spring
pressure plus the 10,0009 acceleration without breaking. If the substrate
compresses the finger springs to a height of ,007 in (simulating actual
installation), a bending failure will occur when it is subjected to the
10,0009 acceleration environment. The substrate is also not capable of
surviving the above environments separately. Several possibilities exist
that will help prevent substrate failure. They include: (1) using a
different substrate material, possibly 772 alumina, (2) using a thicker
substrate, at least .025 in, (3) not using the finger springs, and (4)
supporting the substrate in the middle. It is recummended that the
substrate's vibratuory response, shock response, and dynamic stresses be
calculated.

7.2.5 Module $#3 Module-tu-Cover Juint
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Both the epuxied joint and the welded joint can survive the 10,0009
acceleration environment. ine epuxy joint will crack when expused to
thermal extremes of -65 “C. The epoxy joint dves not allow a hermetic
seal but was analyzed for cumparison purpuses.

7.2.6 Module §4 Dynamics

Both the substrate and its mounting screws are capable of surviving

the 10,0009 acceleration envirorment. .

7.2.7 Module #5 Lead Dynamics i

As oonfigured, the feedthru-tu-substrate lead will experience a
bending failure when subjected tuv the 10,000g acceleration environment. A
lead with .040 in long horizontal and vertical projections (.056 in long)
can survive the 10,0009 acceleration environment. It is recummended that
the lead's substrate pad be moved cluser to the feedthru and the
feedthru's location be moved closer to the substrate. Bonding the lead to
the substrate would also decrease bending stresses in the lead.

7.2.8 Module #5 Substrate Material Comparison

Since dynamic stresses are typically small, all three materials
would be suitable for dynamic service. G-10 and teflon are the best
dynaric materials whereas teflon and G-10 are the best thermal cycling
mate: a6, G-2 is the worst material for buoth enviromments. Either G-10
or K-6098 teflun wuuld make suitable substrate materials. The thin solder
layer makes model grid optimization difficult. It is reconmended that a
finer mesh model be used tu better assess solder thermal stresses,

7.2.9 Mudule #6 Thermal Stresses

If epuxy is used to bond the substrate to the module, it will

crack at -65 C. Therefore, epuxy should not be used for this bond. It
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should be soldered like Module #5. A finer mesh muodel should also be used
to better assess epoxy thermal stresses,

7.3 Method of Analysis

7.3.1 Environments

7.3.1.1 Random Vibration (24 Grms)

The power spectral density spectrum for the randuom vibration
environment is shown in Figure 7.3-1, Vibration was considered tuv occur
in one axis only. The direction of vibration was assumed to be
perpendicular to the plane of the module's substrates.
7.3.1.2 Shock (3,000g, 3 msec)

The shock enviromment consisted of five half-sinc pulses of
3,000g amplitude and 3 msec duration per MIL-STD-883, Method 2002,
Condition C. The direction of the shock was that axis which would pull
the bonds away from the chips (perpendicular to the plane of the module's
substrates and upward).

7.3.1.3 Acceleration (10,000q)

The acceleration environment consisted uof one minute of cunstant
10,0009 acceleration per MIL-STD-883, Method 2001, Condition B. The
direction of the acceleration was that axis which would pull the bonds
away from the chips (perpendicular to the plane of the module's substrates
and upward).
7.3.1.4 Thermal Cycling (-65 °C to 125 °C)

The thermal cycling environment consisted of 100 thermal cycles
per MIL-STD-883, Method 1010, Condition B (Modified). Each thermal cycle

cunsisted of the following steps:
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T
Step Minutes Temperature
1 30 minimum -65° C (-85° F)
2 5 maximum 25° ¢ (77° F)
3 30 minimum 125° ¢ (257° F)
4 5 maximum 25° ¢ (71° F)
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7.3.2 Module #1 Dynamics

The assembly drawing for Module #1 is shown in Figure 7.3-2. A
STARDYNE finite element model was used to determine module dynamic
behavior. Cube elements were used to simulate the module housing, and
plate elements were used to simulate the cover and the substrates. a
three-dimensional view of the model is shown in Figure 7.3-3. Module
elements and nodes uccurring at various vertical planes are shown in
Figures 7.3-4 and 7.3-5. The STARDYNE star dynamic option was utilized to
obtain mudule resonant frequencies and mode shapes. The STARDYNE Dyne 1
program was used to calculate shock response. Finally, the STARDYNE star
static option was used to determine dynamic stresses resulting from the
shoct and acceleration envirunments.

The module's base was assumed to be bonded - therefore, all base
nodes were fully restrained. The module housing is fairly stiff and
therefore acts like a rigid body when exposed to dynamic enviromments.
Ten vibratory modes were extracted - all were either cover or substrate
plate bending modes. All modes were in the 2,500 Hz tu 25,000 Hz
frequency range. As shown in Table 7,1-2, dynamic stresses were luw (less
thar 4,000 psi) and margins of safety were high (greater than 10). Since
all .. vie housings are relatively stiff, subsequent analysis concentrated
on substrates and component leads. As shown in Table 7.1-2, the
acceleration environment is worst-case.

A STARDYNE finite element model was used to determine dymamic
stresses in the flat substrate-to-substrate lead and the round
feedthru-tuo-substrate lead., Beam elements were used to model the leads.
These lead models are shown in Figures 7.3-6 and 7.3-7. In addition to

¢
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the 10,0009 acceleration, loading displacements resulting fram the
module's acceleration response were applied at the lead's ends. ‘The
STARDYNE star static option was then used to calculate lead dynamic
stresses.

A STARDYNE finite element model was also made of the substrate.
Plate elements were used to represent the substrate. This model is shown
in Figure 7.3-8., The STARDYNE star static option was used to campute
substrate stresses resulting from the 40 psi finger spring pressure plus
the 10,0003 acceleration. The 40 psi spring pressure resulted from
measurements made when the spring was compressed to a height of .007 in
(simulating actual installation). Hand calculations were used to
determine screw tensile stresses resulting from the abuve loading. These
hand calculations are shown in the Appendix.
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Module #1 Module Housing Cube Elements

Figure 7.3-5.
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Module 41 Feedthru Lead Finite Element Model

Figure 7.3-7.
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7.3.3 Module #1 Connector Thermal Stresses

The various materials used in the comnector are shown in a
cruss-sectional view in Figure 7.3~9. The ANSYS finite element program
was used to determine cunnector thermal stresses resulting from the
thermal cycling environment. An axisymmetric model using the ANSYS STIF42
two dimensional svlid element is shown in Figure 7.3-10. The volume of
module housing material swept out by the axisymmetric elements is shown in %;
Figure 7.3-11. Two conditions of installation were considered. The first L
condition was denoted "as installed®., Its purpose was to simulate vendor
testing where the connector's expansion and contraction were not '
restrained. It therefore excluded the module housing (elements 50 to 58).

A zeryu stress temperature of 20 % was chosen. Stresses were camputed

based on the temperature differential between the zero stress temperature
and either the high or low thermal cycling temperature extremes. Since
the oonnector oontains some glass, it was necessary to find which N

temperature extreme caused tensile glass stresses. This occurred at 125 | j

0
C. Assumptions and limitations of the analysis are discussed in the

conclusions and recommendations.
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Figure 7.3-10. RF Cunnector Finite Element Model
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Figure 7.3-11. Module #1 Connector-Module Housing Volume
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7.3.4 Module §1 Feedthru Thermal Stresses

The feedthru materials are shown in a cross-sectional view in
Figure 7.3-12. The feedthru analysis procedure is basically identical to
that of the connector. The axismuic finite element model is shown in
Figure 7.3-13. The module housing is represented by elements 45 to 54.
The volume swept out by these elements is shown in Figure 7.3-14. Glass

and ceramic tensile stresses occurred at 125 Oc, whereas epoxy tensile
stresses occurred at -65 °C assumptions and limitations of the analysis

are discussed in the conclusions and recommendations.
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Figure 7.3-14. DC Feedthru Mcdule~Housing Volume
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7.3.5 Module #2 Substrate Dynamic Stresses

The module assembly drawing is shown in Figure 7.3-15. A STARDYNE
finite element model was used to cumpute substrate stresses resulting
from the 40 psi spring pressure plus the 10,0009 acceleration. Plate
elements were used to represent the substrate. The finite element modeli
is shown in Figure 7.3-l6. Hand calculations were used to compute
substrate mounting screw tensile stresses resulting from the above
environment. These hand calculations are shown in the Appendix.

7.3.6 Module #3 Cover Joint Dynamic and Thermal Stresses

The assembly drawing of the module is shown in Figure 7.3-17.
Dynamic and thermal stresses were computed to determine the effectiveness
of welded or epoxied cover-to-module joints. Hand calculations were made
to determine dynamic stresses resulting from the 10,000g acceleration
environment., These hand calculations are shown in the Appendix. An
ANSYS axisymmetric finite element model was made to determine thermal
stresses. This model is shown in Figure 7,3-18. The volume swept out by
this model is shown in Figure 7.3-19. Epoxy tensile stresses occurred at
-65 °c. mn epoxy thickness of .003 in was assumed.

7.3.7 Module #4 Substrate Dynamic Stresses

The assembly drawing of the module is shown in Figure 7.3-20, A
STARDYNE finite element model was made of the substrate to determine
dynamic stresses resulting from the 10,0009 acceleration environment.
This model is shown in Figure 7.3-21. Plate elements were used to
represent the substrate, Hand calculations were used to compute mounting
screw tensile stresses resulting from the above environment. These

calculations are shown in the Appendix.
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Figure 7.3-16. Mcdule #2 Substrate Finite Element Model

2 t = .020 P
Restrained Node L
21 /-: ¥ _T,\;r 1.25
o | ®. ® | ®
7 5 T 2o
@ ® @®
T 5 0 '
®) © @ ®
7 5 1 fo
O | o | 6 @ !
. —

92




NOTESS
1 BOND ITEM 2 1O 7

E—>50L0ER PER MIL-ST

3 ATTACH (TEM 8 USL

TN STAMP ASSY SM17-564400-G01

PER MIL-STD-130 |CA—IGS CR

P8 10 96 IREL 00 U AND SUNSS E0GFY
CommE RGNy

NOMMARGW PFD §0060

AT DALIS P8 B S0 8
BORErATIONS #18 W 510 7

LOCK SYWGLS, PED W 510 0
OHIERTIORG AT TCREMACHIC PHE y3AY

Pigure 7.3-17.
Module #3 Assembly Drawing

ey

luml‘:n A0 LECTRON. DGaAS PED WO
N

SRAMC SYRMIOLS 108 ELICTICA, ARD.
1L(CTRONK OMCRAN LR 3RS 732
ELICTIIGA: WO LLECTOORT S4FLBE0TE

f DISKRATIONS MA (BAS 112 1%

WO STUBR PR Ay 023




1 REVISIONS
NOTESS [zone]ure] DESCRPTION [ oate | areeovic
T T=- T=- =~

I BOND ITEM 2 TO 1EH ! USING [TEM I[
E=>S50LDER PER MIL-STD-454 REQT 5
3 ATTACH ITEM & USING [TEM |

A

~(

———

L.

STAMP ASSY SM17-564400-G01
PEP MIL-STD- 130

_Q~

SEE SEPARATE PARTS LIST PLS64400

—

[CA-1GS CREATED]

T

TEw SaART OR
NO DENTIFYVING NG

WOMENCLATURE OR
Of SCRPTON

oot
e Nt

LIST OF MATERIALS OR PARTS LIST

oumnrv REQUIRED |
At

UNLESS OTHERWISE SPECIFIED L ECTRORME BYETEMS DVIBION
e o3t o e o st Dluiu:lonsnt IN INCHES - HARRIS | e romon om0
Wu"\vm!mum \PPLIED FINISH o Lald
wmwumm PP 000 ‘ma oM ANGLES f—oo - . {TTE RTER
Yokua tios O o Jhaceom 3 : —— RF DOWNCONVER "¢
10081 vATIONS PES W) sm - . '
oK s e . “ | Cv—.
] 040 o AR 48 w2 L .
m::mumtmmmm MODULE ASSEMBL Y
r msmuu.uun e UIE | COOE 1DENT 4O L
=, fcreom vsas vy
364199 1178 mmuuuummnn _ ol saz 5644070
w | NEXT ASSY USto ON -nmmmlmuo o
I st §9j [wer 1
At e




Fiqure 7.3-18. Module #3 Joint Finite Element Model
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Figure 7.3-19. Module #3 Module Housing Volume
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Figure 7.3-21. Module #4 Substrate Finite Element Model
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7.3.8 Module #5 Lead Dynamic Stresses

The module assembly drawing is shown in Figure 7.3~22, A STARDYNE 1
finite element model was made of the feedthru-tu-substrate lead to
determine dynamic stresses resulting from the 10,0005 acceleration
environment. This model is shown in Figure 7.3-23. It should be noted
that beam elements were used tuv represent the lead, even though the

lead's cross-sectional dimensions dictate the use of plate elements,

.'mis was done tu assure fixity at the lead's ends. Plate elements allow
rotation between end nodes, thus negating the fixity effect. Since the
initial lead configuration resulted in high stresses (706,600 psi), three
other configurations were analyzed. The Optimum configuration oonsists
of a lead with ,040 in horizontal and vertical projections (.056 in long).
7.3.9 Module #5 Substrate Materials Comparison

Three substrate materials (G-10, fiberglass (602), and K-6098
Teflon) were evaluated by determining their ability to survive the
dynamic and thermal stress enviromments. A fourth material, duroid, was
not evaluated because material properties were not obtained. Two
parameters were used to evaluate each material's ability to survive the
dynamic environments: (1) stiffness-to-weight rativ (ratio of Young's

Modules to weight density), and (2) ultimate strength, ‘The material

rankings based on dynamic environment are shown in Table 7.1-7. An ANSYS
axisymmetric finite element model was made to calculate thermal stresses
for each material. This model is shown in Figure 7.3-24. The wolume
swept out by this model is shown in Figure 7.3-25. The material rankings
based on thermal stresses are shown in Table 7.1-8. A solder thickness

of ,003 in was assumed.
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7.3.10 Mudule #6 Epuxy Thermal Stresses

The module assembly drawing is shown in Figure 7,3-26. To
evaluate the effect of bunding the substrate with epoxy to the module, an
ANSYS axisymmetric analysis was performed. The same mudel as was used

for Mudule #5 was used. A .003 in epoxy thickness was assumed.
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SECTION 8.0

OONCLUSIONS AND RECOMMENDATIONS
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8.0 SUMMARY

The conclusions and recamnendations will be presented according to
each section in this report. The conclusions represent a summary of MIC
and Stripline information developed for this repart.

The recammendations will be directed toward the need for additiona:
work that must be accamplished with respect to construction methods,
military standard amendments, and validation of camputer analysis.

8.1 Conclusions

8.1.1 Microwave Integrated Circuit and Stripline Microwave Circuit
Technologies
The data supplied by the various MIC and Stripline vendors clearly

indicates that there are no standard procedures for the screening, lot
con: nas«x, or qualification testing of these products. The concept
generally amwployed is that of vendor equivalent. Exceptions to MIL-STD-
883B and MIL-M-38510 are the narm. Each vendor did document their respec-
tive procedures in order to maintain internal control of the quality and
reliability of their respective products.

8.1.2 Preseal Visual Criteria for MIC and Stripline Microwave Circuits

Although it was found that vendars did document preseal visual
cri® - fr their products, there was not always a general correlation to
the cr.teria of MIIL~STD-883B. The criteria developed for this program did
incorporate much of the vendar's internal criteria.

8.1.3 Microwave Integrated Circuit and Stripline Microwave Circuit Tuning

Three specific types of tuning methods were documented in this

report. As indicated in the MIL~-M-38510, Appendix G evaluation, the tuning

and Select at Test processes are considered rework- however, these

processes must comply to MIL-M-13851¢ roework - riter .
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8.1.4 MIL~-M-38510, Appendix G Evaluation

It can be concluded that the general contents of Appendix G are not
camplied with by MIC vendors. MIC vendors perform the required rework to
minimize cost escalations of their product and do not generally perform
qualification or quality conformance testing. That is, the circuit or
modules are repaired rather than discarded.

8.1.5 Dynamic and Thermal Stress Analysis of MIC and Stripline Construction
Methods

No conclusions may be rendered at this time concerning the accuracy
of coamputer analysis of construction methods., The analysis data may be
considered 'predictors’ until such time that the camputer data is augmented
by hardware evaluation. The analysis is by no means cawplete; however, it
was an excellent beginning.

8.2 Recamendations

This program was the first step toward the abjective of establishing
screening, lot conformance, and qualification test methods for MIC and
Stripline products used by the military. It was also the first step in i
developing camputer analysis techniques as an evaluation of the various
construction methods.

8.2.1 MII~M-38510, Apperdix G

The rework criteria, reseal criteria, and Group B testing must be .
reevaluated with respect to the cost and reliability of camplex, single and
multifunction MIC modules.

8.2.2 Dynamic and Thermal Stress Analysis

The accuracy of data generated by camputer analysis of MIC ard
Stripline construction methods must be validated by data compiled by the !
screening of hardware. The MIC and Stripline industries should have
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sufficient data on their products to permit at least same carrelation
without the actual fabrication of hardware.

Additional effart is also required to discipline the camputer
analysis procedures; that is, establish set procedures that can be dupli~
cated by campanies within the industry. This computer analys.s is not cam-
plete and additional work is required to apply the analysis to mare broadly
used MIC and Stripline products.

8.2.3 Pre-seal Burm~In

Pre-seal burn-in as relates to hermetically sealed MIC modules
should be evaluated with respect to cost reductions associated with pre-
seal burn-in. In conjunction with the pre-seal burn-in, the rework,
allowable rework, of the circuits within the module shall ale~ Fe evaluated.

It would be advantageous to perform a trade-off study of MIC's
produced using pre-screened camponents against pre-seal burn-in, and
allowable rework.

8.2.4 Seal Leak Testing

With the construction of MIC modules still consisting of SMA
connectors, soldered in dc pins, and housing of various metals/alloys,
Group D package evaluation must contain leak test procedures to assure the
hermeticity of the various parts.

8.2.5 Mechanical Testing

Because of the large physical size and mass of the MIC and SMC
modules, acceleration is not a applicable mechanical test; however, vibra-
tion and mechanical shock with magnitudes camensurate with the mission of
the particular system should provide the necessary screenindg.

The conditions for the range of package sizes shoulu be cvaluated
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i to assure that the package can withstand the levels of vibration and
mechanical shock. (Camputer analysis can provide a first order approxima-
tion).

8.3 Test Method Changes

RADC will coordinate the recammended changes to MIL-STD 883 and

} MIL-M-38510 which are reflected in the proposed test methods.
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1. Hand Calculations




Mudule #1 Substrate Screw Stresses

The worst~case substrate is .50 in x 1,00 in., It is secured by 4
0-80 screws. Using the 40 psi spring pressure and the 10,0009

acceleratiun as a lvading mechanism, the lvad per screw is,

F = PA + WG = 40(,50) (1.00) + .50(1.00) {.025) (.140) (10,000) f
# Of Screws 4 g
= 9,375 LB

The tensile stress is,

S = 9.375 = 5,200 psi

=E
A 0078

Assuming wurst-case 304 stainless steel for a screw meterial, the

ultimate margin of cafety is,

M= _u-1=82,000-1=14.76
S 5,200

D-4

R L ey




ol = e e e -

Module #2 Substrate Screw Stresses

The substrate is 1.05 in x 1.25 in. Assuming the springs are
cumpressed to .007 in, the measured spring pressure is 40 psi. There are
4 screws, Using the 10,000g acceleratiun and the spring pressure as a
lvading mechanism, the luad per screw is,

F o= PA + WG = 40(1,95((1.25) + 1.05(1.25) (.020) (1..40) (10 psi)
# of Screws 4
= 22.31 1b

The screws are 0-80, therefure the tensile stress is,

€ =F = 22.31 = 12,400 psi
A L0018

Assuming worst-~case 304 stainless steel as a screw material, the ultimate
margin of safety is,

M = u -1 = 82,000 -1 = 5.61
S 12,400

D=5




Mudule #3 Cuver Juint Stresses

Using the 10,0009 acceleration luad, the furce applied to the juint is,

F = WG = 2,575(.75)(.015) (.100) (10,000) = 28,97 1b

The tensile stress is

e &

5 = 28.97 = 90 psi
.050(2(2,575) + 2(.65)) -3

The ultimate margin uf safety fur an epuxy juint is,

-1 = 2,000 -1 = 21.22
90

Assuming a welded juint is restured tu its uriginal temper, the ultimate
margin of safety fur a welded juint is,

-1 = 75,000 -1 = 832.33
90

D-6




Mudule $4 Substrate Screw Stresses

The substrate 1s .50 in., x 1.00 in, Assume it is .025 in. thick.
is secured with 4 0-50 nylon screws. Using the 10,000g acceleration as a

luading mechanism, the inertia lvad per screw is,

F = WxG = ,50 x 1,00 x ,025 x ,140 x 10,000
$ of Screws 4
= 4,375 1b

The tensile stress is

= 4,375 = 2,430 psi
.0018

F
Fy

Assuming wurst-case 6/9 nylun the ultimate margin of safety is,
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2. Material Properties

D-8




Mudule #1 Material Properties

Mudule and Cover (Aluminum, 6061-T6, Materials Selector, p. 81)

E 6

10 X 10
.098 16/in>

L}

c
[

45,000 psi

Substrate (772 Alumina, 3M Alumina Handout)

55 x 10° psi

L}

E

.140 1b/in>

c
[

70,000 psi (flexural)

Lead Wires (Gold, Materials Selector, p. 119)

E = 12 x 10° psi
y = .698 lb/in>
u = 19,000 psi (annealed)

Substrate Screws (Assume 304 Stainless Steel, Materials Selectur, p. 44)

TR LUy Y

Su = 82,000 psi
E = Young's Moxdulus
Y = Weight Density

u = Ultimate Strength
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Module #1 RF Cunnectur Material Pruperties

Female Cunnectur (Beryllium Cupper, Materials Selectur, p. 92)

E = 19 x 10°
o = 9.3 X10°°PF
Yy = .296 16/in°

Insulatur (Teflun, PTFE, Materials Selector, p. 149)

E = .65x 10% psi
o = 8.4 x 107°/F
Y = .083 1b/in°
Su = 2,500 psi

Case (Steel, 416 Stainless, Materials Selectrv, p. 48)

E = 29 x 10° psi
@ = 5.5x 10°°MF
v = .280 1b/in’

94 = 75,000 psi

Male Cunnectur (Brass, Materials Selectur, p. 93)
6

E & 17 x 10 psi

o= 13 x 10704
.3

Y = L318 16/in

%% = 37,000 pst

=10

-




Module (Aluminum, 6061-T6, Materials Selectur, p. 81)

Mudule #1 RF Connectur Material Pruperties (Continued)

6

(7052 Glass, E4 Sharp, Curning Glass Works, Curning N.Y,.

E = 10 x 16° psi
a = 13x 1070
Yy = .098 lb/in>
Su = 45,000 psi
Kovar Shell (Kouvar, Kovar Handbouk)
E = 20 x 10% psi
4 = 3.05 x 1079 MF
Y = .302 1b/in>
Oy = 75,000 psi
Glass
607~974-7634)
E = 8.,2x 106 psi
U
« = 25.6x10°7/F
Y = .082 lb/in>
g = 7,000 - 14,000 psi
E = Young's Muxiulus

1

Cuefficient of Expansiun
Weight Density

Ultimate Stiength
D-11




Mudule #1 DC Feedthru Material Frooverties

wire (Alluy 52, Kovar Handbouuk)

20 X lO6 psi (assume same as Kovar)

E =
- -6
o = 5.61 x 10 °/F
Y = .300 lb/in>
u = ,317 (assume value for Kovar)
Cu = 65,000 psi

Case (C1213-1215 Steel, Assume CI015 Steel, Materials Selectur, p. 34)

E 30 x 10% psi

I

8

.40 x 1072 F

¥ = .283 1b/in>
u = .30 (assumed)
7u = 73,000 psi

Hermetic Seal (9010 Sealing Glass, Ed Sharo, Owens—Corning, Curning, N.Y.

607-974-7634

E = 9.8x 106 psi

= 49.4 x 107 PF

Y = .095 lb/in’

u = ,22 (Materials Selectur, p. 215)
Su = 7,000 - 14,000 psi

=12




Mucule #1 DC Feedthru Material Pruperties (Cuntinued)

RN

Epuxy Seal (Emersun-Cummings 2651-MM Epuxy, Emersun-Cummings Handbuok

.70 x 106 psi

E =
o = 22 x 10’6}°F B
‘3 ;

Yy = .056 1b/in {
u = 30 (assumed) i
%y = 7,000 psi (tensile) i
1

Ceramic (Barium Titanate, Jue Lung, Int'l Tin Research Instiiute, Columbus,
Ohiv 614-424-6200)

E = 16 x 106 psi

o« = 6.75 x 1078 MF

Y = .131 1b/in® (assumed)
u = 30 (essumed)

ou = 11,700 psi

Sulder (62% Tin, 36% Lead, 2% Silver, Jue Lung, abuve) ]

E = 6.37 x 10° psi 'ﬂ
o = 14,3 x 107°0MF

Y = .318 1b/in’

u = .40 (assumegd)

4 = 6,120 psi




Mudule #) DC Feedthru Material Pruperties (Cuntinued)

Module (Aluminum, 6061-T6, Materials Selectur, p. 81)

E = 10 x 10°

o = 13.0 x 1076F
Y = .098 lb/in>

u = .30 (assumed)

Su = 45,000 psi




Module #2 Material Prouperties

Substrate Screws (Assume 304 Stainless Steel, Materials Selector, p. 44)

o = 82,000 psi

Substrate (Fused Silica, Materials Selector, p. 215)

E = 10.5x 10 PS

¢ = .079 1b/in

v o= .16

Ou = 7,000 psi (assumed same as glass)
E = Young's Mudulus

Y = Weight Density

u = Puissun's Ratiu

Ju = Ultimate Strength




Epuxy (Abelbund 36-2, Herb Krause, Ablestik Lab, Gardenia, CA 213-532-9341)

Mudule #3 Material Pruperties

E

Q
[}

-
[}

[ =4
I

Moule and

518,000 psi
58.3 x 107 PF
.087 1b/in>

2,000 psi (tensile)

Cuver (Kuvar, Kouvar Handbuuk)

E =

20 x 10° psi
3.05 x 1078 7F
.302 1b/in>

75,000 psi

Young's Modulus
Coefficient of Expansion

Weight Density

Ultimate Strength




Module #4 Material Pruperties

Subgtrate Screws (Assume 619 Nylun, Materials Selectur, p. 151)

Ou = 5,000 psi

Substrate {772 Alumine, 3M Alumina Handouut)

9% = 70,000 psi
Su = Ultimate Strength
d =

Flexural Strength
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Module #5 Material Properties

Module (Aluminum, 6061, T-6, Materials Selector, p. 81)

E = 10x 106 psi
o = 13 x 10.6/05'
Y = .098 lb/in’
Cu = 45,000 psi

Solder (62% Tin, Joe Long, Int'l Tin Research Institute, Columbus, Ohio
614-424-6200)

E = 6.37 x 10° psi
14.3 x 1079 °F
.318 1b/in>

]

o

<
[}

% 6,120 psi

Lead (Gold, Materials Selector, p. 119)

E = 12 «x 106 psi
y = .698 1b/in>
Oy = 19,000 psi

D-18
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Module §5 Material Properties (Continued)

Substrate
G-2 (Materials Selector, p., 266)
6

E = 1.8 x10

@ = 9 x10°%PF (in plane of plate) = 81 x 16 9/°F (assumed
same proportion as G-10 fur thickness direction)

Y = ,054 1b/in3
Oy = 11,000 psi

G-10 (Materials Selectur, p. 266)

E = 2.5x 10% psi

@ = 5x 109/ F (in plane of plate) = 45 x 10 °/°F (in thickness
direction

Y = .065 lb/in3

Su = 35,000 psi

Teflon (3M Handuut)

E «70 x 106 psi

a = 5.5 x 10°°/°F (in plane of plate) = 72.2 x 10~/°F (in
thickness direction)

y = 079 lb/in’
%y = 20,500 psi

D-19
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Module #6 Material Properties

e e
2

Module (Aluminum, 6061-T6, Materials Selectur, p. 81)

E = 10x10696i

e

@ = 13 x 107°/°F
Y = .098 1%/in°

oo

At R o

Ou = 45,000 psi

-

_. .'u!'.", —

Substrate (K-6098 Teflon, 3M Handout) b

E = .70 x 106 psi

@ = 5.55 x 10°°/°F (in plane of plate) = 72.2 x 10°8°F (in
thickness direction
Yy = .079 1b/in>

0 = 20,500 pei

Epoxy (Ablebond 36-2, Herb Krause, Ablestik Lab, Gardenia, CA 213-532-9341)
6

E = .518 x 10° pei
a = 58.3 x 10°6/F
= .087 1b/in>

Ou = 2,000 psi

E = Young's Modulus ‘
a = Coefficient of Expansion
Y = Weight Density

Ou = Ultimate Strength

L-20
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3. STARDYNE and ANSYS Program Summaries

The reproduction of the STARDYNE Analysis System was approved by the

System Develomment Corporation, 2500 Colorado Avenue, Santa Monica, CA.
90406.

Reproduction of the abstract of the ANSYS User's Manual was approved

by Swanson Analysis Systems Inc., Johnson Road, P.0O. Box 65, Houston, PA.

15342.
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STARDYNE ANALYSIS SYSTEM
SUMMARY

The MRI STARDYNE Analysis System consists of a series of compatible
digital computer programs designed to analyze linear elastic structural
models. The system encompasses the full range of static and dynamic
analyses. These programs provide the analyst with a sophisticated,
cost-effective, structural~-dynamical analysis system.

The STARDYNE system can be used to evaluate a wide variety of static
and dynamic problems:

o The static capability includes the computation of structural
deformations and member loads and stresses caused by an
arbitrary set of thermal, nodal applied loads and/or prescribed
displacements.,

o Utilizing either the direct integration or the normal mode
techniques, dynamic response analyses can be performed for a
wide range of 1loading conditions, including transient,
steady-state harmonic, random and shock spectra excitation
types. Dynamic response results can be presented as structural
deformations (displacements, velocities, or accelerations),
and/or internal member loads/stresses.,

The data input and output formats (both numerical and graphical)
have been prepared with one basic philosophy: to enable the user to obtain
a meaningful solution in the most logical and straightforward manner
possible while keeping the required data input as simple and minimal as

practical., The programmed mathematical operations in the matrix

D-22

B
AT

¥
!
'
¥ 3
b




STARDYNE ANALYSIS SYSTEM - SUMMARY - CONTINUED

decomposition, the eigenvalue-eigenvector extraction, and the error
analysis, contain state-of-the-art innovations in the field of numerical
analysis. A brief description of the finite element and nomal mode
analysis methods as they are implemented in STARDYNE is presented. Also
included is a discussion on each of the major programs comprising the
STARDYNE system.

THE FINITE ELEMENT, NORMAL MODE ANALYSIS METHOD

The basic concept of the "Finite Element®™ method is that every
structure may be considered as a "mathematical™ assemblage of individual
structural components or elements., There must be a finite number of such
elements, interconnected at a finite number of nodal points. The behavior
of this finite element structural model will closely approximate the
behavioral characteristics of the real structure.

Components of the Structural Model. The physical structure to be

modeled must be described in a right-hand cartesian coordinate (global)
system and is comprised of the "nodes®” and "finite elements".

Nodes. The characteristics of the node point include position in
space, movement in space (3 translation x, y, z and 3 rotation Ox, Gy, Bz)
and oconnectivity to other nodes via the finite elements. Masses and

external forces may be assigned to each node.

Finite Elements. The node points may be interconnected with finite

elements in such a way as to realistically represent real physical

structures. The most commonly used elements are shown on page A - %3,

—
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STARDYNE ANALYSIS SYSTEM -~ SUMMARY - CONTINUED

together with the nodal forces which can be transmitted through the
element. The stiffness properties of each of these finite elements are
defined in the “"STARDYNE Theoretical Manual".

General Solution Procedure. The general solution procedure consists

of stiffness matrix formulation, static analysis, eigenvalue/eigenvector

determination, and dynamic response analysis.

Stiffness Matrix Formulation.. The stiffness matrices of the

individual finite elements are first computed and then transformed (if
required) from its local coordinate formulation to a form relating to the
global coordinate system. Finally, the individual element stiffnesses
contributing to each nodal point are superimposed to obtain the total
assemblage stiffness matrix [K].

Static Analysis. During a static analysis, the equation

Kl * {1} = {p}
where [K] = the stiffness matrix

{}
{P} = the applied nodal forces

the nodal displacement vector

may be solved to determine the nodal displacements and element internal
forces and/or stresses given a set of applied nodal forces.

Eigenvalue/Eigenvector Analysis, The eigenvalues (natural

frequencies) and eigenvectors (normal modes) of a structural system are

determined by solving the equation.

w o {q} - (K] {q) = 3




STARDYNE ANALYSIS SYSTEM - SUMMARY - CONTINUED

where ([m] = the mass matrix (assumed to be diagonal, i.e.,
no mass coupling)
'w = the natural frequencies
{g} = the normal modes.

Dynamic Response Analyses. Using the natural frequencies and normal

modes together with the related mass and stiffness characteristics of the
structure, appropriate equations of motion may be evaluated to determine
structure response to dynamic loading.

PROGRAMS COMPRISING STARDYNE ANALYSIS SYSTEM

1, STAR (Project Engineer: Raymond Curtis)
The STAR program has two distinct functions. They are static load

analysis and eigenvalue/eigenvector extraction. The static analysis

, and modal extraction phases are based on the "Stiffness Method" or
"Displacement Method" and the answers are in the realm of "Small
Displacement Theory".

A. Available Finite Modeling Elements

1. Beam and Pipe elements with shear stiffness in 3-D space.
2. Two Triangular Plate Elements (Thick plate and thin plate)
a. Plate Bending
b. Sandwich (Thick plate only)
c. Inplane ({constant strain)
d. Shear Only (Thick plate only)

3. OQuadrilateral Plate Element (Iso-parametric in-plane)

D-25
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STARDYNE ANALYSIS SYSTEM ~ SUMMARY - CONTINUED

4, Infinitely Rigid Members
5. Springs, non-standard elements or substructures may be entered
in numerical form, by direct alterations to the stiffness

matrix.
6. Hexahedron (Cube) Solid Element (Iso~parametric)
7. Wedge Solid Element (Iso-parametric)
8. Tetrahedron Solid Element (constant strain)

B. Static Structural Analysis

1. Applied Nodal Loadings

2., Automated Thermal Analysis

3. Solutions of Free-Free Systems

4, Automated processing of psuedo-static load or displacement
vectors as obtained from the dynamic response solutions

5. Element Loadings

6. Inertia Loadings

7. Combined Cases

8. Specified Displacements

9, Substructures

C. Extraction of Eigenvalues and Eigenvectors

1. Inverse Iterations Method for the eigenvalues within specified

regions (uses full system weight vector)

. D~26

ineblad




STARDYNT ANALYSIS SYSTEM = SUMMARY - CONPINUZID
o Commonly Used Finite Elements

|

™~
~ ' //
‘ ®
\ t
~
/ ® o General Beam / ¢ Triangular Plste(
{2 nodes) (3 nodes)

(Typical at each
@ 0 ’ node )}
N\:@ﬂ--‘- A
”” 6
— ® ©
¢ Wedge Element
(6 nodes)

o Quadrilsteral Plate
(b nodes)

{Typicsl at
’ each node) /

# Pipes-~Curved and
Straight
{2 nodes)

@ o General Six Sided Solid (Mexahedron)

/ (8 nodes)

=27
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STARDYNE ANALYSIS SYSTEM -~ SUMMARY — CONTINUED

2. Householder tri-diagonalization and Q-R extraction for reduced
dynamic degrees of freedom - GUYAN reduction (usually used for
truncated weight vector).

3. LANCZ0S ™Modal Extraction Method (uses full system weight
vector, no nodal limitations - this is a highly recommended
method) .

D. Output Section

STAR output processor phase computes element displacements, loads
and stress; and nodal equilibrium check. Options are available to
present the output in report form.
DYNRE]l (Project Engineer: Richard Ragle)
Transient response to imposed dynamic loadings are treated in DYNER1
using the modal superposition technique. Input forcing functions may
be in the form of forces, initial displacements, initial velocities and
base accelerations. Nutput consists of nodal displacements,
velocities, accelerations, element loads and stresses.
DYNRE2 (Project Emgineer: Richard Ragle)
Steady state frequency response to steady state sinusoidal dynamic
loadings are computed by DYNRE2. Input forcing functions may be in the
form of distributed forces, base excitations (displacements, velocities
or accelerations) and unit sinusoidal excitations (displacements,
velocities, accelerations or forces) as specific nodes. Displacements

at selected phase angles may be processed in STAR for element stresses.
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STARDYNE ANALYSIS SYSTEM - SUMMARY - CONTINUED

DYNRE3 (Project Engineer: Richard Ragle)

Response of multi-degree-of-freedom 1linear elastic structural models
subjected to stationary random dynamic loading. DYRNE3 will compute
the RMS nodal responses, RMS element stresses and generate response
power spectral density (PSD) currss for selected nodal degrees of
freedom. Input forcing power spectrums are defined as shape of
spectrum and type of spatial correlation.,

DYNRE4 (Project Engineer: Richard Ragle)

Response of multi-degree-of-freedom, linear elastic models subjected to
an arbitrarily oriented foundation shock input. The user may enter
arbitrary shock spectra, shock spectra computed via DYRNES, or call for
some ratio of the 1940 El Centro (California) earthquake SPECTRA for
any of the directions of motion. DYNRE4 will compute user specified
combinations of ABSOLUTE and/or RSS and/or NRL sum and various NRC
sum-sumation for nodal and/or element stress responses.

DYNRES (Project Engineer: Richard Ragle)

Computes shock spectrum values from a transient base acceleration time
history digitized at equal or unegual time intervals. The user may
specify frequencies at which shock spectrum values for displacement,
velocity and acceleration will be computed, in turn for each value of

damping entered.
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STARDYNE ANALYSIS SYSTEM - SUMMARY - CONTINUED

DYNRE6 (Project Engineer: Raymond Curtis)

Computes the response of multi-degree-of-freedom structures subjected
to ‘transient dynamic loadings, using the direct integration technique.
The model may also contain nonlinear one~dimensional springs.

PLZr3D (Project Engineer: Richard Ragle)

This program may be used to plot STAR finite element structural models.
It enables the user to view the geometric structure in both the
undeformed and deformed states. The deformations may be the result of
a STATIC, Modal Extraction or a Dynamic Response solution.

CONSTAR (Project Engineer: Raymond Curtis)

This program may be used to produce contour plots of stresses and
displacements on surfaces composed of triangular and quadrilateral
elements. In addition, the numerical response values may be printed
directly on the plot.

WAVE4 (Project Engineer: Charles Bell)

This program may be used to compute hydrodynamic forces on the tubular
and/or circular beam members contained in the submerged portion of a
STAR model. The fluid forces can result from both wave motion and a
steady current. The wave motion is defined by Stoke's S5th Order

Theory.
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STARDYNE ANALYSIS SYSTEM - SUMMARY - CONTINUED

11, SPRING (Project Engineer: Charles Bell)
This program may be used to determine the loads and deformations in a
linear elastic structure supported by a nonlinear foundation, and
subjected to general static loading.
12. NUBZP (Project Engineer: Richard Ragle)
This program may be used to consider bottom out, tension only,
compression only members, etc., for the STAR STATICS problem. {
13. NgDEXC
This program may be used to change node numbers of STAR substructure
boundary data to match the boundary node numbers of the recipient math '
model. N@DEXC may be used on either the FORWARD or BACKWARD |
SUBSTRUCTURE PASS.
14. PEST (Project Engineer: Charles Bell)
This program may be used to combine the forces, stresses, and
displacements from two (or more) previously computed load cases which
are contained in the STAR TAPE4 format. ,
15. FACTgR
This program may be used to create new force and/or displacement 7

vectors using combinations of these vectors entered in the STAR TAPE4 !

and/or DYNRE TAPE3 data file formats,

16. USER INFORMATION MANUAL (Originator/Editor: Richard Ragle)
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ANSYS USER'S MANUAL

ABSTRACT

The ANSYS computer program is a large-scale general purpose '
computfer program for the solution of several classes of engineering
analysis problems, Analysis capabilities include static and dynamic;
elastic, plastic, creep and swelling; small and large deflections; steady
state and transient hea.t transfer and fluid flow. f
The matrix displacement method of analysis based upon finite A
element idealization is employed throughout the program. The library of 1
finite elements available numbers more than forty for static and dynamic a
analyses, and twenty for heat transfer analyses. This variety of elements
gives the ANSYS program the capability of analyzing two- and
three-dimensional frame structures, piping systems, two-dimensional plane
and axisymmetric solids, three-dimensional solids, flat plates,

axisymmetric and three-dimensional shells and nonlinear problems including

interfaces and cables.

Loading on the structure may be forces, displacements, pressures, |
temperatures or response spectra, Loadings may be arbitrary time functions
for linear and non-linear dynamic analyses, Loadings for heat transfer
analyses include internal heat generation, convection and radiation
boundaries, and specified temperatures or heat flows,

The ANSYS program uses the wave front (or "frontal®) direct
solution method for the system of simultaneous linear equations developed

by the matrix displacement method, and gives results of high accuracy in a
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minimum of computer time. The program has the capability of solving large
structures. There is no limit on the number of elements used in a problem.
There is no "band width® limitation in the problem definition; however,
there is a "wave front" restriction. The "wave front" restriction depends
on the amount of core storage available for a given problem. Up to 557%
degrees of freedom on the wave front can be handled in a large core. The
wave front limitation tends to be restrictive only for analysis of
arbitrary three~dimensional structures or in the use of ANSYS on a small
computer.

ANSYS has the capability of generating substructures (or
superelements). These substructures may be stored in a library file for
use in other analyses. Substructuring portions of a model can result in
considerable computer time savings for non-linear analyses.

Geometry plotting is available for all elements 1in the ANSYS
library, including isometric, perspective, sectibn views, and hidden line
plots of three-dimensional structures. Plotting routines are also
available for the plotting of stresses and displacements from two- and
three-dimensional solid or shell analyses, mode shapes from dynamic
analyses, distorted geometries from static analyses, transient forces and
displacements vs, time curves from transient dynamic analyses, and
stress-strain plots from plastic and creep analyses.

Postprocessing routines are available for algebraic modification,

differentiation, and integration of calculated results. Root-sum-square

*An optional 1152 wave front is available on very large computers.
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operations may be performed on seismic modal results. Response spectra may

be generated from dynamic analysis results. Results from various loading

modes may be combined for harmonically loaded axisymmetric structures.

The input data for the ANSYS program has been designed to make it

as easy as possible to define the problem to the computer. Options for

multiple coordinate systems in cartesian, cylindrical, or spherical

coordinates are available, as well as multiple region generation

capabilities to minimize the input data for repeating regions,
Sophisticated geometry generation capabilities are included for

two~dimensional plane and axisymmetric structures and for intersection

three-dimensional shell and solid structures.
The ANSYS program capabilities are continually being enhanced by

the addition of new or improved elements, new analysis capabilities, and

new input, output and graphic techniques. The ANSYS USER'S MANUAL is

modified periodically to reflect the latest additions.
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MISSION
of
Rome Air Development Center

RADC plans and executes research, development, test and
selected acquisition programs in support of Command, Control
Communications and Tntelligence (C37) activities. Technical
and engineernding support within areas of techanlcal competence
48 provided to ESD Program Offices (P0s) and other ESD
elements. The principal technical mission areas are
communications, electromagnetic guidance and control, sur-
veillance of ground and aerospace objects, intetligence data
collection and handling, information system technology,
{onospheric propagation, s0&id state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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